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(54) Method for forming a platinum group metal layer for a capacitor 



(57) A method for forming a platinum group metal 
layer (65) and a method for manufacturing a storage 
electrode (82) such as for a capacitor using the same in 
which contact failure of the storage electrode caused by 
oxygen diffusion is prevented and the storage electrode 
can be easily formed. The metal layer (65) of the plati- 



num group is formed on a semiconductor substrate (50, 
55) where the opening such as a storage contact hole 
(54) is formed, in a thickness of approximately 1000 A. 
The metal layer (65) is reflowed by heating at 650°C or 
more to fill the opening (54). 
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Description 

The present invention relates to a method for fabri- 
cating a semiconductor device, and more particularly, to 
a method for forming a metal layer from a platinum 
group metal and a method for fabricating a capacitor uti- 
lizing the same. 

In general, large scale integration of a memory 
device is limited because a reduction in memory cell 
area causes a reduction in cell capacitance, and it 
becomes difficult to achieve a desired cell capacitance 
from a typical dielectric material such as a nitride/oxide 
(NO) and tantalum pentoxide Ta 2 0 5 . 

Therefore, research has been conducted on a 
method for forming a dielectric layer of a capacitor using 
a high performance dielectric material such as 
Ba(Sr,Ti)0 3 (BST) or Pb(Zr,Ti)0 3 (PZT), having dielec- 
tric constant of about one hundred times that of the con- 
ventional NO. At this time, it is well known that a metal 
of the platinum group or an oxide thereof having an 
excellent oxidation resistance and a relatively low inter- 
diffusibility with the BST or PZT thin film is suitable for 
the dielectric material. 

When a capacitor electrode is formed from the 
metat of a platinum group or an oxide thereof, both of 
which are hereinafter called a 'platinum group metal', a 
barrier layer is necessary for preventing a reaction of 
the platinum group metal with polysilicon used for a con- 
ductive plug or with a substrate silicon, and for prevent- 
ing diffusion of oxygen used as a source during 
deposition of a dielectric layer. 

Figures 1 A and 1 B are sectional views illustrating a 
conventional method for forming a capacitor storage 
electrode using platinum. 

Referring to Figure 1A, an insulating layer 12 
formed on a semiconductor substrate 10 is partially 
etched to form a storage contact hole 14, and then poly- 
silicon is deposited and etched back to form a conduc- 
tive plug 16 for filling the storage contact hole 14. A 
titanium nitride layer 1 8 as a barrier layer is formed on 
the resultant structure where the conductive plug 16 is 
formed, and platinum is deposited on the titanium nitride 
layer 18 to form a platinum layer 20. Sequentially, an 
oxide layer to be used as an etching mask is formed on 
the resultant structure where the platinum layer 20 is 
formed, and patterned to form a mask pattern 22. 

Referring to Figure 1 B, using the mask pattern 22 
as an etching mask, the platinum layer 20 and the tita- 
nium nitride layer 18 are sequentially etched to form a 
platinum layer pattern 24 and a barrier layer pattern 26. 
After removing the mask pattern 22, a dielectric layer 28 
formed of BST or PZT is deposited on a substrate 
where the conductive plug 16 and a storage electrode 
27 including the barrier layer pattern 26 and the plati- 
num layer pattern 24 is formed, through a sputtering 
method or a metal organic chemical vapor deposi- 
tion(MOCVD) method. Then, a plate electrode 30 is 
formed on the resultant structure. 



However, when forming the capacitor using the high 
dielectric material such as BST or PZT as described 
above, capacitance increases along with causing prob- 
lems due to the platinum group metal used as the elec- 

5 trode material and to the titanium nitride layer used as 
the barrier layer as follows. 

First, during formation of the dielectric layer 28, dif- 
fusion of oxygen through the side surfaces of the 
exposed barrier layer 26 deteriorates electrical charac- 

10 teristics of a semiconductor device. 

When the dielectric layer 28 is formed in a state 
where the side surfaces of the barrier layer pattern 26 
are exposed, after forming the platinum layer pattern 24, 
oxygen is easily diffused from the side surfaces of the 

15 barrier layer pattern 26. In particular, the oxygen atmos- 
phere and the high temperature in which the high die- 
lectric layer 28 such as BST or PZT is formed accelerate 
the oxygen diffusion. Due to the oxygen diffusion, the 
barrier layer pattern 26 is partially oxidized, and a tita- 

20 nium oxide layer Ti0 2 (not shown) which has an insulat- 
ing characteristic is formed on an interface between the 
conductive plug 16 and the barrier layer pattern 26, or 
between the barrier layer pattern 26 and the platinum 
layer pattern 24. 

25 The titanium oxide layer causes contact failure, and 
deteriorates the function of the barrier layer 26 by allow- 
ing diffusion of oxygen or metal atoms therethrough, to 
generate leakage current between the storage elec- 
trode 27 and the semiconductor substrate 10. 

30 Second, since the storage electrode, in particular 
the platinum layer pattern 24, is required to be thickly 
formed, it impedes patterning and generates a high step 
difference around the capacitor. 

If the platinum layer pattern 24 of the storage elec- 

35 trode is thin, oxygen passes through the platinum layer 
pattern 24 to combine with the barrier layer pattern 26. 
Accordingly, the platinum layer pattern 24 is 2000A thick 
or more. 

However, since the platinum is very hard and 
40 refractory, it cannot easily react with a different chemical 
material and cannot be easily etched through dry etch- 
ing such as reactive ion etching. Accordingly, when the 
platinum layer pattern is 2000A thick or more, the pat- 
terning becomes very difficult, while the platinum layer 
45 pattern has great step difference around the capacitor. 

Third, it is difficult to secure a mask having a high 
etching selectivity with respect to the platinum. 

In general, the etching mask requires an etch rate 
lower than that of the material layer to be etched. How- 
so ever, as described above, the platinum group metal has 
difficulties in etching. Therefore, it is very difficult to 
obtain an etching mask having an etch rate lower than 
that of the platinum group metal. 

ft is an aim of the preferred embodiment of the 
55 present invention to provide a method for manufacturing 
a capacitor capable of preventing contact failure of a 
storage electrode caused by oxygen diffusion. 

It is another aim to provide a method for manufac- 
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turing a capacitor capable of easily forming a storage 
electrode. 

It is still another aim to provide a method for forming 
a platinum group metal layer. 

According to a first aspect of the present invention 
there is provided a method for forming a platinum group 
metal layer comprising the steps of: 

a) forming a material layer on a semiconductor sub- 
strate; 

b) etching a predetermined portion of the material 
layer to form an opening; 

characterised by: 

c) depositing a platinum group metal on the entire 
surface of the substrate where the opening is 
formed; and 

d) reflowing the platinum group metal to fill the 
opening. 

Preferably, the material layer is formed of an 
undoped silicate glass. 

Preferably, the platinum group metal is one selected 
from the group consisting of Pt, Ru, Ir, Rh. Os. Ru0 2 . 
and Ir0 2 . 

Preferably, the platinum group metal is formed hav- 
ing a thickness in the region of 1000 to 2000A. 

Preferably, the reflowing is performed in an N 2 
atmosphere, in the region of 650 to 900°C, and for in the 
region of 5 minutes to 1 hour. 

According to a second aspect of the present inven- 
tion there is provided a method for manufacturing a 
capacitor comprising the steps of: 

a) forming an interlayer dielectric on a semiconduc- 
tor substrate; 

b) patterning the interlayer dielectric to form a stor- 
age contact hole for exposing a predetermined por- 
tion of the substrate; 

c) depositing a barrier metal on the entire surface of 
the si±>strate where a storage contact hole is 
formed to form a barrier iayer on the interlayer die- 
lectric and the storage contact hole surface; 

d) depositing a platinum group metal on the barrier 
layer to form a metal layer; 

e) reflowing the metal layer to form a ref lowed metal 
layer having a predetermined thickness for filling 
the storage contact hole, on the interlayer dielectric; 

f) patterning the reflowed metal layer and the bar- 
rier layer to form a storage electrode pattern includ- 
ing a metal layer pattern and a barrier layer pattern; 



g) forming a dielectric layer on the metal layer pat- 
tern; and 

h) forming a plate electrode on the dielectric layer. 

5 

Preferably, the method contains the step of: 

forming a metal siiicide layer for reducing contact 
resistance with the substrate on the bottom surface 
10 of the storage contact hole before said step c). 

Preferably, the method contains the step of: 

forming an oxygen diffusion barrier layer formed of 
is one selected from the group consisting of Ir, Ru, 
Ru0 2 and lrC>2. between the barrier layer and the 
metal layer, before said step d). 

Preferably, the method contains the step of: 

20 

forming a conductive plug for filling a portion of the 
storage contact hole, before said step c) of forming 
the barrier layer. 

25 Preferably, said step of forming the conductive plug 
comprises the sub-steps of: 

forming a conductive layer having a predetermined 
thickness for filling the storage contact hole, on the 
30 interlayer dielectric; 

removing the conductive layer on the interlayer die- 
lectric by etching back; and 

35 removing a portion of the conductive layer filling the 
storage contact hole by overetching. 

Preferably, said step of forming the conductive plug 
comprises the sub-steps of: 

40 

forming a conductive layer having a predetermined 
thickness on the interlayer dielectric, to fill the stor- 
age contact hole; 

45 removing the conductive layer on the interlayer die- 
lectric using chemical-mechanical polishing; and 

removing a portion of the conductive layer in the 
storage contact hole using the chemical -mechani- 
se cal polishing in which an etching selectivity 
between the conductive layer and the interlayer die- 
lectric is controlled. 

Preferably, the barrier layer formed on the interlayer 
55 dielectric is removed to form the barrier layer only in the 
storage contact hole, and wherein only the metal layer is 
patterned during the step of forming the storage elec- 
trode pattern. 
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Preferably, the barrier layer is formed of one 
selected from the group consisting of TiN, CoSi. TaSiN, 
TiSiN, TaSi, TiSi. Ta and TaN. 

According to a third aspect of the present invention 
there is provided a method for manufacturing a capaci- 
tor comprising the steps of: 

a) forming an interlayer dielectric on a semiconduc- 
tor substrate; 

b) patterning the interlayer dielectric to form a stor- 
age contact hole for exposing a predetermined por- 
tion of the substrate; 

c) forming a conductive plug for filling the storage 
contact hole and overetching the conductive plug to 
form an opening at the upper end of the storage 
contact hole in a predetermined thickness; 

d) filling the opening at the upper end of the etched 
storage contact hole to form a barrier layer pattern 
having unexposable sides; 

e) forming an etch stopper having an opening por- 
tion where the storage electrode is to be formed, on 
the interlayer dielectric; 

f) depositing a platinum group metal to form a metal 
layer on the entire surface of the substrate where 
the etch stopper is formed; 

g) ref lowing the metal layer to form a ref lowed metal 
layer having a predetermined thickness for filling 
the opening portion opened by the etch stopper, on 
the etch stopper; 

h) removing the refbwed metal layer until the etch 
stopper is exposed, to form a metal layer pattern; 

i) forming a dielectric layer on the metal layer pat- 
tern; and 

j) forming a plate electrode on the dielectric layer. 

Preferably, the metal layer pattern is formed by 
chemical-mechanical polishing the reflowed metal layer 
until the etch stopper is exposed. 

Preferably, the method further comprises the step 
of removing the etch stopper, to thereby form the dielec- 
tric layer on the upper and the side surfaces of the metal 
layer pattern, after said step i). 

Preferably, the method further comprises the step 

of: 

forming an etching barrier layer on the interlayer 
dielectric after said step a), and wherein the storage 
contact hole is formed by sequentially etching the 
etching barrier layer and the interlayer dielectric. 



Preferably, the metal layer is formed by blanket 
etching back the reflowed metal layer and the etch stop- 
per until the etching barrier layer is exposed. 

Preferably, the etch stopper is formed of an oxide 
5 and the etching barrier layer is formed of a nitride. 

According to a fourth aspect of the present inven- 
tion there is provided a method for manufacturing a 
capacitor comprising the steps of: 

10 a) forming an interlayer dielectric on a semiconduc- 
tor substrate; 

b) patterning the interlayer dielectric to form a stor- 
age contact hole for exposing a predetermined por- 

is tion of the substrate; 

c) depositing a barrier metal on the entire surface of 
the sifcstrate where the storage contact hole is 
formed to form a barrier layer on the interlayer die- 
so lectric and on the surface of the storage contact 

hole; 

d) forming an etch stopper having an opening por- 
tion where a storage electrode is to be formed, on 

25 the barrier layer; 

e) depositing a platinum group metal on the entire 
surface of the substrate where the etch stopper is 
formed, to form a metal layer; 

30 

f) ref lowing the metal layer to form a reflowed metal 
layer having a predetermined thickness for filling 
the opening portion opened by the etch stopper and 
the storage contact hole, on the etch stopper; 

35 

g) removing the reflowed metal layer until the etch 
stopper is exposed, to form a metal layer pattern; 

h) removing the etch stopper; 

40 

i) patterning the barrier layer using the metal layer 
pattern as an etching mask, to form a barrier layer 
pattern only under the metal layer pattern; 

45 j) forming a dielectric layer on the metal layer pat- 
tern; and 

k) forming a plate electrode on the dielectric layer. 

so Preferably, the metal layer pattern is formed by 
chemical mechanical polishing the reflowed metal layer 
until the etch stopper is exposed. 

Preferably, the metal layer pattern is formed by 
etching back the reflowed metal layer and the etch stop- 
55 per until the barrier layer is exposed. 

Preferably, the method comprises the step of: 

forming a conductive plug for filling a portion of the 
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storage contact hole, before the barrier layer is 
formed. 

According to a fifth aspect of the present invention 
there is provided a method for manufacturing a capaci- s 
tor comprising the steps of: 

a) forming an interlayer dielectric on a semiconduc- 
tor substrate; 

10 

b) patterning the interlayer dielectric to form a stor- 
age contact hole for exposing a predetermined por- 
tion of the substrate; 

c) depositing a barrier layer on the entire surface of is 
a substrate where the storage contact hole is 
formed, to form a barrier layer on the interlayer die- 
lectric and the surface of the storage contact hole; 

d) removing the barrier layer formed on the inter- 20 
layer dielectric, to form a barrier layer pattern only 

on the surface of the storage contact hole; 

e) forming an etch stopper having an opening por- 
tion where a storage electrode is to be formed, on 25 
the interlayer dielectric; 

f) depositing a platinum group metal to form a metal 
layer on the entire surface of the substrate where 
the etch stopper is formed; so 

g) ref lowing the metal layer to form a ref lowed metal 
layer having a predetermined thickness for filling an 
opening portion opened by the etch stopper and fill- 
ing the storage contact hole, on the etch stopper; 35 

h) removing the reflowed metal layer until the etch 
stopper is exposed to form a metal layer pattern; 

i) forming a dielectric layer on the metal layer pat- 40 
tern; and 

j) forming a plate electrode on the dielectric layer. 
Preferably, the method further comprises the step 45 

of: 

forming an etching barrier layer on the interlayer 
dielectric after said step a), and wherein the storage 
contact hole is formed by sequentially etching the so 
etching barrier layer and the interlayer dielectric. 

Preferably, the method further comprises the step 

of: 

55 

removing the etch stopper after said step h), to form 
the dielectric layer on the upper and the side sur- 
faces of the metal layer pattern. 



Preferably, the metal layer pattern is formed by 
chemical-mechanical polishing the reflowed metal layer 
until the etch stopper is exposed. 

Preferably, the metal layer pattern is formed by 
blanket etching back the reflowed metal layer and the 
etch stopper until the etching barrier layer is exposed. 

Preferably, the method further comprises the step 

of: 

forming a conductive plug for filling a portion of the 
storage contact hole before said step c) . 

Preferably, the interlayer dielectric is formed of an 
oxide undoped with impurities. 

Preferably, the metal layer is formed of one selected 
from the group consisting of Pt, Ru, Ir, Rh, Os, Ru0 2 
and Ir0 2 - 

Preferably, the metal layer is formed of platinum Pt. 

Preferably, the dielectric layer is formed of one 
selected from the group consisting of Ba(Sr,Ti)0 3 , 
Pb(Zr,Ti)0 3 . Ta 2 0 5 , Si0 2 , SiN 3 , SrTi0 3 , PZT. 
SrBi 2 Ta 2 0 9 , (Pb, La)(Zr, Ti)0 3 , and Bi 4 Ti 3 0 12 . 

Preferably, the metal layer is formed having a thick- 
ness in the region of 1000 to 2000 A. 

Preferably, the relowing is performed by heating at 
more than 650°C. 

Preferably, the reflowing is performed in an N 2 
atmosphere, in the region of 650 to 900°C. and for in the 
region of 5 minutes to 1 hour. 

In the preferred embodiments, a platinum group 
metal layer is formed on a semiconductor substrate 
preferably having a material layer of undoped silicate 
glass where an opening such as a storage contact hole 
is formed having a thickness of the order of 1000 - 
2000A, and then the platinum group metal layer is 
reflowed at 650°C or more to fill the opening. 

The platinum group metal layer is reflowed to form 
the storage electrode of the capacitor. That is, a barrier 
layer and the platinum group metal layer are formed in 
the storage contact hole formed on a semiconductor 
substrate, and then the platinum group metal layer is 
reflowed to fill the storage contact hole. Subsequently, 
the platinum group metal layer and the barrier layer are 
patterned, to form a storage electrode including the 
platinum group metal layer pattern and the barrier layer 
pattern. Also, before forming the barrier layer, a conduc- 
tive plug for filling a portion of the storage contact hole 
may be formed to enhance an aspect ratio of the stor- 
age contact hole. 

Accordingly, the platinum group jnetal layer 
becomes thicker than conventional one as much as a 
filling depth of the storage contact hole. As a result, dur- 
ing forming the dielectric layer, a diffusion distance that 
the oxygen infiltrated through the surface of the plati- 
num group metal layer and the side surfaces of the bar- 
rier layer contacts with the portion serving as the barrier 
layer, becomes long. Therefore, oxidation of the barrier 
layer can be constrained, and the contact failure of the 



5 



SC. CID: <EP 0872880A2 J_> 



9 



EP 0 872 880 A2 



10 



storage electrode can be prevented. Also, the pattern- 
ing is more easily performed than that of the conven- 
tional art, and a step difference from the portion around 
the capacitor is reduced. 

In an alternative embodiment, a conductive plug s 
and a barrier layer for filling the storage contact hole 
passing through an interlayer dielectric are formed. An 
etch stopper having an opening portion where the stor- 
age electrode is to be formed is formed on the interlayer 
dielectric, and the platinum group metat layer is formed to 
and reflowed, to fill the opening portion and the storage 
contact hole. Then, the platinum group metal layer on 
the interlayer dielectric is removed by chemical- 
mechanical polishing (CMP) or etchback, and the etch 
stopper is removed, to form a storage electrode includ- is 
ing the platinum group metal layer pattern and the bar- 
rier layer pattern. 

Since the platinum group metal layer pattern can be 
formed through CMP or etchback without using an etch- 
ing mask, a mask having a high etching selectivity with 20 
respect to the metal layer of the platinum group is not 
required. 

Further preferred embodiments of the invention 
combined the above processes. That is, the barrier layer 
is formed in the storage contact hole formed on the 25 
interlayer dielectric and passing through the interlayer 
dielectric. At this time, as described above, before form- 
ing the barrier layer, a conductive plug for filling a por- 
tion of the storage contact hole can be formed to 
enhance the aspect ratio of the storage contact hole: 30 
Then, on the barrier layer formed on the interlayer die- 
lectric, an etch stopper having an opening portion 
where the storage electrode is to be formed is formed, 
and then the platinum group metal layer is formed and 
reflowed, to fill the opening portion and the storage con- 35 
tact hole. Subsequently, the platinum group metal layer 
on the interlayer dielectric is removed through CMP or 
etchback, and the etch stopper is removed to form a 
platinum group metal layer pattern, and the barrier layer 
is patterned using the platinum group metal layer pat- 40 
tern as a mask to form a storage electrode. 

Accordingly, the platinum group metal layer 
becomes thicker as much as a filling depth of the stor- 
age contact hole, to thereby prevent the contact failure 
of the storage electrode, and the platinum group metal 45 
layer pattern can be formed without an etching mask. 

For a better understanding of the invention, and to 
show how embodiments of the same may be carried 
into effect, reference will now be made, by way of exam- 
ple, to the accompanying diagrammatic drawings, in 50 
which: 

FIGS 1A and 1B are sectional views for illustrating 
a conventional method for forming a capacitor stor- 
age electrode using platinum; 55 

Figures 2A and 2B are sectional views for illustrat- 
ing a method for forming a platinum group metal 



layer according to an embodiment of the present 
invention; 

Figures 3 A and 3B are scanning electron micro- 
scope (SEM) photographs of a platinum group 
metal layer reflowed at a predetermined tempera- 
ture; 

Figures 4A through 4F are sectional views for illus- 
trating a method for manufacturing a capacitor 
according to a first embodiment of the present 
invention; 

Figures 5A and 5B are sectional views for illustrat- 
ing a method for manufacturing a capacitor accord- 
ing to a second embodiment of the present 
invention; 

Figures 6A and 6B are sectional views for illustrat- 
ing a method for manufacturing a capacitor accord- 
ing to a third embodiment of the present invention; 

Figures 7A and 7B are sectional views for illustrat- 
ing a method for manufacturing a capacitor accord- 
ing to a fourth embodiment of the present invention; 

Figures 8A through 8F and Figure 9 are sectional 
views for illustrating a method for manufacturing a 
capacitor according to a fifth embodiment of the 
present invention; 

Figures 10A through 10C are sectional views for 
illustrating a method for manufacturing a capacitor 
according to a sixth embodiment of the present 
invention; 

Figures 11 A through 11 E are sectional views for 
illustrating a method for manufacturing a capacitor 
according to a seventh embodiment of the present 
invention; 

Figures 12A through 12C are sectional views for 
illustrating a method for manufacturing a capacitor 
according to an eighth embodiment of the present 
invention; 

Figures 13A through 13C are sectional views for 
illustrating a method for manufacturing a capacitor 
according to a ninth embodiment of the present 
invention; 

Figure 14 is a sectional view for illustrating a 
method for manufacturing a capacitor according to 
a tenth embodiment of the present invention; 

Figure 15 is a sectional view for illustrating a 
method for manufacturing a capacitor according to 
an eleventh embodiment of the present invention; 
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Figure 16 is a sectional view for illustrating a 
method for manufacturing a capacitor according to 
a twelfth embodiment of the present invention; 

Figure 17 is a sectional view for illustrating a 
method for manufacturing a capacitor according to 
a thirteenth embodiment of the present invention; 
and 

Figure 18 is a sectional view for illustrating a 
method for manufacturing a capacitor according to 
a fourteenth embodiment of the present invention. 

Referring firstly to Figures 2A through 3B, a pre- 
ferred method for forming a platinum group metal layer 
will be described. 

Figure 2A is a sectional view showing the step of 
forming a platinum layer 44. Here, an insulating layer 42 
is formed on a semiconductor substrate 40, and the 
insulating layer 42 is partially etched to form an opening 
43, and then a metal of the platinum group, for example, 
platinum, is deposited on the entire surface of the result- 
ant structure where the opening 43 is formed, through a 
sputtering method to form a platinum layer 44. At this 
time, the platinum layer 44 is formed in a predetermined 
thickness, for example, 1000 ~ 2000A, and it is possible 
to use Ru. Ir, Rh, Os. Ru0 2 or Ir0 2 instead of the plati- 
num. 

Figure 2B is a sectional view showing the step of 
forming a ref lowed platinum layer 46. Here, the resultant 
structure where the platinum layer 44 is formed is intro- 
duced into a furnace, for example, atypical quartz tube, 
and the platinum layer 44 is reflowed, to fill the opening 
43 and obtain a platinum layer 46 having a planarized 
surface. 

Here, it is preferable that the platinum layer 44 is 
reflowed in nitrogen (N2) ambient for around 5 minutes 
to 1 hour at around 650°C to 900 °C. 

Figure 3A is a SEM photograph showing a state in 
which an undoped silicate glass is deposited on a sili- 
con substrate in a thickness of approximately 4000A to 
form an insulating layer, which is patterned to have an 
insulating layer surface where openings having a prede- 
termined depth are formed, and then a platinum layer is 
deposited on the entire surface of the resultant structure 
in a thickness of approximately 1000A using a sputter- 
ing method. 

Figure 3B is a SEM photograph showing a result in 
which the resultant structure where the platinum layer is 
formed is introduced in the quartz tube, and then ther- 
mally treated for approximately 30 minutes in nitrogen 
ambient at 750°C. Here, the platinum layer is reflowed 
by thermal treating, to fill the openings formed on the 
insulating surface and form a planarized platinum layer 
46. 

The method for forming the platinum group metal 
layer using the reflow of the platinum group metal can 
be variously applied. In particular, when a storage elec- 



trode of a capacitor is formed by the above method, it is 
possible to prevent contact failure of the storage elec- 
trode due to diffusion of oxygen infiltrated through the 
side surfaces of the barrier layer and easily form the 

5 storage electrode. 

Figure 4A is a sectional view showing a step of 
forming a storage contact hole 54. Here, an insulating 
material, for example, an undoped silicate glass (USG), 
is deposited on a semiconductor substrat&SO to form an 

10 interlayer dielectric 55, and then it is patterned to form a 
contact hole 54 for exposing a predetermined portion of 
the substrate 50. 

Figure 4B is a sectional view showing a step of 
forming a barrier layer 60. Here, a barrier metal, for 

75 example, titanium nitride, is deposited on the entire sur- 
face of the substrate where the storage contact hole 54 
is formed, through a chemical vapor deposition method, 
to form a barrier layer 60. 

The barrier layer 60, unlike the conventional art of 

20 Figure 1 , is formed on the entire inside of the storage 
contact hole 54 as well as on the interlayer dielectric 55. 
The barrier layer 60 is selected from the group consist- 
ing of a refractory metal including titanium nitride, for 
example, TiN. CiSi, TaSiN, TiSiN, TaSi, TISi, Ta. TaN, 

25 and an oxide of the platinum group metal. 

Meanwhile, before forming the barrier layer 60, it is 
preferable that a metal silicide layer, for example, a tita- 
nium silicide layer, is formed on a substrate surface 
such that ohmic contact with a silicon substrate is 

30 formed to reduce contact resistance of the storage elec- 
trode. The titanium silicide layer can be formed by 
depositing titanium and then annealing it. At this time, 
instead of titanium, a material capable of forming a sili- 
cide with the silicon substrate, i.e., tungsten nitride 

35 (WN) or tungsten (W), can be also used. 

Figure 4C is a sectional view showing a step of 
forming a platinum layer 65. Here, a platinum group 
metal to be used as a storage electrode, for example, 
platinum, is deposited on the barrier layer 60 through a 

40 sputtering method, to form a platinum layer 65. 

It is preferable that the platinum layer 65 is formed 
in a thickness of approximately 1000 to 2000A. Instead 
of the platinum, Ru, Ir, Rh, Os, and an oxide thereof can 
be used. 

45 Before forming the platinum layer 65. an oxygen dif- 
fusion barrier layer (not shown) for preventing diffusion 
of oxygen passing through the platinum layer can be fur- 
ther formed between the barrier layer 60 and the plati- 
num layer 65, where Ir, Ru, Ru02, Ir02 or a combined 

so layer thereof can be used for the oxygen diffusion bar- 
rier layer. 

Figure 4D is a sectional view showing a step of 
reflowing the platinum layer 65 of Figure 4C. Here, the 
resultant structure where the platinum layer 65 is 
55 formed is introduced in a furnace, for example, a quartz 
tube, and then the platinum layer 65 is reflowed by heat- 
ing, to fill the storage contact hole 54 and obtain a plati- 
num layer 70 having a planarized surface. 
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The ref lowing, preferably, is performed in N2 ambi- 
ent at 650°C to 900°C, and for 5 minutes to 1 hour. 

The platinum layer 70 planarized through the ref low 
and the semiconductor substrate 50 contact with each 
other through the barrier layer 60 on a bottom surface of 
the storage contact hole 54. While the conventional bar- 
rier layer is located between the conductive plug 16 of 
Figure 1B and the platinum layer pattern 24 of Figure 
1B, i.e.. above the storage contact hole 54, the barrier 
layer 60 according to the first embodiment of the 
present invention is located on the bottom surface of the 
storage contact hole 54. 

Figure 4E is a sectional view showing the step of 
forming a storage electrode 82. Here, an insulating 
material, for example, an oxide, is deposited on the 
planarized platinum layer 70 in a thickness of 5000A or 
more to form a mask layer used as an etching mask, 
and then patterned to form a mask pattern (not shown). 
Then, the planarized platinum layer 70 of Figure 4D and 
the barrier layer 60 of Figure 4D are sequentially etched 
using the mask pattern, to form the storage electrode 82 
comprised of the platinum layer pattern 75 and the bar- 
rier layer pattern 80. 

In the above-described storage electrode 82. a dis- 
tance between the barrier layer pattern 80 formed on 
the bottom surface of the storage contact hole 54 and 
the surface of the platinum layer pattern 75. can be suf- 
ficiently maintained, which is equal to a distance 
obtained by adding a depth of a storage contact hole, a 
thickness of a platinum layer pattern and a thickness of 
a barrier layer pattern. That is, oxygen used during the 
process of forming a dielectric layer does not pass 
through the platinum layer pattern 75 and is prevented 
from combining with the barrier layer pattern 80 formed 
on the bottom surface of the storage contact hole. 

As a result, oxygen can be prevented by the plati- 
num layer from combining with the barrier layer, even 
though the platinum layer pattern 75 is not very thick or 
distant from the surface of the interlayer dielectric 55. 
Also, even though oxygen may infiltrate into the side of 
the barrier layer 80, the diffusion distance to the bottom 
surface of the storage contact 54 is relatively long, to 
thereby constrain formation of a titanium oxide layer due 
to the oxygen diffusion. 

Figure 4F is a sectional view showing a step of 
forming a dielectric layer 85 and a plate electrode 90. 
Here, a dielectric material, for example, BST, is depos- 
ited on the substrate where the storage electrode 82 is 
formed, through a sputtering method or an MOCVD 
method, to form the dielectric layer 85, on which the 
plate electrode 90 is formed to complete a capacitor. 

The dielectric material instead of the BST can be 
formed of one selected from the group consisting of 
Ta 2 O s , Si0 2 . SiN 3 , SrTi0 3 . PZT, SrBi 2 Ta 2 09. 
(Pb,La)(Zr,Ti)0 3 . Bi 4 Ti 3 0 12 , and a combination thereof. 

According to the first embodiment of the method for 
manufacturing a capacitor, a platinum layer is ref lowed 
to fill a storage contact hole without forming a conduc- 



tive plug. Accordingly, a diffusion distance of oxygen 
through a platinum layer pattern 75 and through the side 
of a barrier layer pattern 80 becomes long, such that the 
oxygen rarely reaches the barrier layer formed on the 

5 bottom surface of the storage contact hole. Therefore, 
oxidation of the barrier layer can be constrained, to 
thereby prevent contact failure of the storage electrode 
and generation of leakage current arising from the diffu- 
sion of oxygen or metal atoms. As a result, deterioration 

w of electrical characteristics of a semiconductor device 
can be prevented. Also, since the storage electrode is 
not thick, patterning can be easily performed and a step 
difference from a portion around the capacitor can be 
reduced. 

75 Figures 5A and 5B are sectional views for illustrat- 
ing a second embodiment of the method for manufactur- 
ing a capacitor. The second embodiment is performed 
in the same manner as that of the first embodiment 
except for the step of forming a conductive plug 57 for 

20 filling a portion of the storage contact hole 54. 

Figure 5A is a sectional view showing a step of 
forming the conductive plug 57 and the barrier layer 60. 
Here, the step of patterning an interlayer dielectric 55 to 
form the storage contact hole 54 (see Figure 4A) is per- 

25 formed in the same manner as that of the first embodi- 
ment. Then, a conductive material, for example, 
poiysilicon. is deposited on the entire surface of the 
resultant structure where the storage contact hole is 
formed, to fill the storage contact hole 54 and a conduc- 

30 tive layer having a predetermined thickness is formed 
on the interlayer dielectric 55. 

The conductive layer is partially eliminated to form 
a conductive plug 57 for filling the storage contact hole 
to a portion of the total depth. Then, the barrier layer 60 

35 is formed on the entire surface of the substrate, includ- 
ing where the conductive plug 57 is formed, in the same 
manner as the first embodiment 

The conductive plug 57 can be formed by eliminat- 
ing a conductive layer on the interlayer dielectric 

40 through an etchback process, and then overetching the 
conductive layer filling the storage contact hole 54. 

At this time, the conductive layer on the interlayer 
dielectric 55 is removed through a CMP process instead 
of the etchback process, and an etching selectivity of 

45 the interlayer dielectric with respect to the conductive 
layer is controlled by the removal rate of the CMP proc- 
ess to form the conductive plug 57 filling a portion of the 
storage contact hole 54. 

Figure 5B is a sectional view showing a step of 

so forming a capacitor formed of a storage electrode 82, a 
dielectric layer 85, and a plate electrode 90. Here, the 
storage electrode 82 formed of the platinum layer pat- 
tern 75 and the barrier layer pattern 80 in the same 
manner as that shown in Figures 4C through 4E. on the 

55 resultant structure having the conductive plug 57 are 
formed. 

Then, the dielectric layer 85 and the plate electrode 
90 are formed on the substrate having the storage elec- 
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trode 82 to thereby complete a capacitor. 

A filling depth of the storage contact hole by the 
conductive plug 57, i.e., a thickness of the conductive 
plug 57, is determined by an aspect ratio of the storage 
contact hole. When the aspect ratio of the storage con- 
tact hole is high, it is preferable that the conductive plug 

57 is thick. 

In the second embodiment, where a portion of the 
storage contact hole is filed with the conductive plug, it 
is preferable that the aspect ratio of the storage contact 
hole is high. 

Figures 6A and 6B are sectional views for illustrat- 
ing a third embodiment of the method for manufacturing 
a capacitor. The third embodiment is performed in the 
same manner as that in the first embodiment except for 
a step of removing the barrier layer formed on a region 
outside the storage contact hole 54 after forming the 
barrier layer 60 of Figure 4B. 

Figure 6 A is a sectional view showing a step of 
forming a barrier layer 58. Here, as shown in Figures 4A 
and 4B, the steps for forming the storage contact hole 
54 and the barrier layer 60 are performed in the same 
manner as that of the first embodiment. Then, the bar- 
rier layer formed on the interlayer dielectric 55 is 
removed through the CMP process or the etchback 
process, to form the barrier layer pattern 58 in the stor- 
age contact hole 54. 

Figure 6B is a sectional view showing a step of 
forming a storage electrode 82, a dielectric layer 85 and 
a plate electrode 90. The storage electrode 82 including 
a platinum layer pattern 75 and a barrier layer pattern 

58 is formed on the resultant structure where the barrier 
layer pattern 58 is formed, through forming a platinum 
layer, reflowing and patterning it in the same manner as 
in Figures 4C through 4E. 

Then, the dielectric layer 85 and the plate electrode 
90 are formed on a substrate where the storage elec- 
trode 82 is formed, to complete a capacitor. 

According to the third embodiment, the barrier layer 
pattern 58 is formed in the storage contact hole, so that 
the side of the barrier layer pattern during forming the 
dielectric layer 85 is not exposed. Therefore, oxidation 
of the barrier layer can be effectively constrained. 

Figures 7A and 7B are sectional views for illustrat- 
ing a fourth embodiment of the method for manufactur- 
ing a capacitor. The fourth embodiment is performed as 
the same manner as the third embodiment except for a 
process of forming a conductive plug 57 for f illing a por- 
tion of the storage contact hole 54. 

Referring to Figure 7A, the conductive plug 57 for 
filling a portion of the storage contact hole is formed like 
the second embodiment (see Figure 5A), and then a 
barrier layer is formed on the entire surface of the sub- 
strate where the conductive plug 57 is formed. The bar- 
rier layer formed on the interlayer dielectric 55 is 
removed through a CMP process or an etchback proc- 
ess as shown in the third embodiment (see Figure 6A) 
to form a barrier layer pattern 58 in the storage contact 



hole 54. 

Figure 7B is a sectional view showing a step of 
forming a storage electrode 82, a dielectric layer 85 and 
a plate electrode 90. Here, a capacitor including the 

s storage electrode 82, the dielectric layer 85 and the 
plate electrode 90 is completed in the same manner as 
the third embodiment (see Figure 6B). 

In the fourth embodiment, since the storage contact 
hole 54 is partially filled with the conductive plug B7 % as 

10 shown in the second embodiment, it is advantageous 
that the aspect ratio of the storage contact hole is high. 
Further, since the barrier layer pattern 58 is formed only 
in the storage contact hole, as shown in the third 
embodiment, the side surfaces of the barrier layer pat- 

15 tern 58 during forming the dielectric layer 85 are not 
exposed. 

As described above, in the first through fourth 
embodiments, platinum is reflowed to form a platinum 
layer pattern for filling all or a portion of the storage con- 

20 tact hole, to thereby maintain a sufficient distance 
between the surface of platinum layer pattern and the 
barrier layer pattern, or between the surface of platinum 
layer pattern and the silicon substrate (or the conductive 
plug). Accordingly, even though the platinum layer is not 

25 thickly formed, oxygen is prevented from passing 
through the platinum layer and therefore cannot com- 
bine with the barrier layer. Also, even though oxygen is 
infiltrated into the side of the platinum layer, since the 
diffusion distance becomes long, formation of an oxide 

30 layer, i.e., a titanium oxide layer, duetoexygen^liffusion, , 
at an interface between the barrier layer pattern and the 
platinum layer pattern can be constrained. 

Meanwhile, it is preferable that a material having an 
etch rate lower than that of platinum is used for the etch- 

35 ing mask for forming a platinum layer pattern. However, 
since the platinum is hard and refractory, it is difficult to 
obtain a mask having an etch rate lower than that of the 
platinum. However, the platinum layer pattern can be 
formed using the platinum reflow without a mask, which 

40 will be in detail described with reference to the fifth and 
sixth embodiments. 

Figures 8A through 8F are sectional views for illus- 
trating a fifth embodiment of a method for manufacturing 
a capacitor . 

45 Figure 8 A is a sectional view showing a step of 
forming a storage contact hole 54. Here, an insulating 
material such as undoped silicate glass (USG) and a 
nitride, is sequentially deposited on a semiconductor 
substrate 50, to form an interlayer dielectric 55 and an 

so etching barrier layer 56, and then patterned to form a 
storage contact hole 54 exposing a predetermined por- 
tion of the substrate 50. 

The etching barrier layer 56 is formed for preventing 
the interlayer dielectric 55 from being etched during pat- 

55 terning an etch stopper 63 of Figure 8C to be formed. 
Also, when the etch stopper is formed of a material hav- 
ing an etching selectivity higher than that of the inter- 
layer dielectric 55, the etching barrier layer 56 may not 
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be formed. 

Figure 86 is a sectional view showing a step of 
forming a conductive plug 57 and a barrier layer pattern 
59. Here, as described in the second embodiment (see 
Figure 5A), a conductive material such as polysilicon 
doped with impurities, is deposited on the entire surface 
of the substrate where the storage contact hole 54 is 
formed, to form a conductive layer for burying the stor- 
age contact hole 54, and then planarized through an 
etchback process or a CMP process, and further the 
conductive layer formed in the storage contact hole is 
partially overetched to form the conductive plug 57. 

At this time, it is preferable that an overetched 
depth is equal to a thickness of the barrier layer. 

Subsequently, the barrier metal such as a titanium 
nitride, is deposited on the entire surface of the sub- 
strate where the conductive plug 57 is formed, through 
a CVD method, and then etched until the etching barrier 
56 is exposed, to form a barrier layer pattern 59 on the 
conductive plug 57. The refractory metal as described in 
the first embodiment, instead of titanium nitride can be 
used as the barrier metal, and the metal silicide layer for 
forming an ohmic contact layer can be formed between 
the barrier layer pattern 59 and the conductive plug 57. 

Since the barrier layer pattern 59 is formed such 
that the upper end of the storage contact hole opened 
by overetching the conductive plug 57 is filled, the side 
thereof is not exposed. 

Figure 8C is a sectional view showing a step of 
forming an etch stopper 63 and a platinum layer 65. 
Here, a material having a high wet etching selectivity to 
platinum, i.e., an oxide, is deposited on the etching bar- 
rier layer 56 and the barrier layer pattern 59, and then 
patterned, to form an etch stopper 63 having an opening 
portion where the storage electrode is to be formed. 
Then, a platinum group metal to be used as a storage 
electrode, i.e.. platinum, is deposited on the substrate 
where the etch stopper 63 is formed, to form a platinum 
layer 65. It is preferable that the platinum layer 65 is 
formed in a thickness of 1000 ~ 2000A like the first 
embodiment (see Figure 4C), and it can be formed 
through a sputtering method. 

Figure 8D is a sectional view showing a step of 
reflowing the platinum layer 65. Here, the platinum layer 
65 is ref lowed in the same manner as the first embodi- 
ment, to fill a portion opened by the etch stopper 63 and 
obtain a platinum layer 70 having a planarized surface. 

Figure 8E is a sectional view showing a step of 
forming a storage electrode 82. Here, the CMP process 
for the planarized platinum layer 70 is performed until 
the etch stopper 63 is exposed, to form a platinum layer 
pattern 75. Accordingly, the storage electrode 82 includ- 
ing the platinum layer pattern 75, and a barrier layer pat- 
tern 59 is formed. 

As described above, the platinum layer pattern 75 
formed through the CMP process does not require an 
etching mask, which is necessary for the conventional 
art. 



Figure 8F is a sectional view showing a step of 
forming a dielectric layer 85 and a plate electrode 90. 
Here, a dielectric material such as BST or PZT, is 
deposited on the substrate where the storage electrode 
s 82 is formed, through a sputtering method, to form the 
dielectric layer 85. Subsequently, the plate electrode 90 
is formed on the dielectric layer 85 to complete a capac- 
itor. 

As can be seen in Figure 8F, since the dielectric 

10 layer 85 and the plate electrode 90 are formed in a state 
that the etch stopper 63 is not removed, only the upper 
surface of the storage electrode serves as a capacitor. 

However, as shown in Figure 9, the etch stopper 63 
can be removed using an etchant, i.e., buffered oxide 

is etchant (BOE) before forming the dielectric layer 85. A 
dielectric material, i.e., BST or PZT, can be deposited 
on the entire surface of the resultant structure through a 
CVD method, to form the dielectric layer 85. Therefore, 
capacitance can be effectively increased due to 

20 increase in an effective area of the storage electrode. 

Figures 10A through 10C are sectional views for 
illustrating a sixth embodiment of a method for manufac- 
turing a capacitor. The sixth embodiment is performed 
in the same manner as the fifth embodiment, except for 

25 etchback instead of the CMP with respect to the 
planarized platinum layer 70. to form a platinum layer 
pattern. 

Figure 10A shows a step of forming a planarized 
platinum layer 70. Here, the planarized platinum iayer 

30 70 is obtained in the same manner as those shown in 
Figures 8A through 8D of the fifth embodiment. 

Figure 1 0B is a sectional view showing a step of 
forming a platinum layer pattern 76. Here, unlike the fifth 
embodiment, where the platinum layer pattern 75 of Fig- 

35 ure 8E is formed through the CMP method, entire sur- 
faces of the planarized platinum layer pattern 70 and an 
etch stopper 63 are blanket- etched back. 

At this time, since the etch rate of the etch stopper 
63 formed of oxide is faster than that of the planarized 

40 platinum layer 70, the etchback is performed until the 
etching barrier layer 56 is exposed, to thereby form the 
platinum layer pattern 76 having a cut upper edge as 
shown in Rgure 1 0A. 

Accordingly, unlike the fifth embodiment in which 

45 after the CMP process, the etch stopper 63 is removed 
and the platinum layer pattern 75 of Figure 9 is formed, 
formation of the platinum layer pattern 76 and removal 
of the etch stopper 63 are carried out through the blan- 
ket etchback, which leads to simplification of the manu- 

so facturing process. 

Rgure 10C is a sectional view showing a step of 
forming a dielectric layer 85 and a plate electrode 90. 
Here, the dielectric layer 85 and the plate electrode 90 
are formed on the storage electrode 82 including the 

55 barrier layer pattern 59 and the platinum layer pattern 
76, to complete a capacitor. As described above, 
according to the fifth and sixth embodiments, the etch 
stopper 63 having an opening portion is formed and the 
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platinum is deposited and reflowed, to fill the opening 
portion of the etch stopper, and further the platinum 
layer pattern is formed by performing the CMP or the 
etchback process. Accordingly, the etching mask for 
forming the platinum layer pattern 75 is not necessary, 
and further the platinum layer pattern 75 can be easily 
formed. 

Two or more of the first through sixth embodiments 
can be combined, as will be described with reference to 
the seventh through fourteenth embodiments. 

Figures 11 A through 11 E are sectional views for 
illustrating a seventh embodiment of a method for man- 
ufacturing a capacitor. In the seventh embodiment, 
which can be obtained by combining the first embodi- 
ment (see Figures 4A through 4F) with the fifth embodi- 
ment (see Figures 8 A through 8F), the barrier layer is 
formed in the storage contact hole (refer to the first 
embodiment), and the platinum layer pattern is formed 
without an etching mask (refer to the fifth embodiment). 

Figure 11A is a sectional view showing a step of 
forming a barrier layer 60 and an etch stopper 63. Here, 
as shown in Figures 4A and 4B of the first embodiment, 
the interlayer dielectric 55, the storage contact hole 54 
and the barrier layer 60 are formed on the semiconduc- 
tor substrate 50, and then as shown in Figure 8C of the 
fifth embodiment, the etch stopper 63 in which a portion 
where the storage electrode is to be formed is open, is 
formed. 

Figure 11 B is a sectional view showing a step of 
forming a platinum layer 65. Here, the platinum layer 65 
is formed on the entire surface of the substrate where 
the etch stopper 63 is formed. 

Figure 1 1 C is a sectional view showing a step of 
forming a planarized platinum layer 70. Here, the plati- 
num layer 65 is reflowed like the first embodiment, to 
bury a portion opened by the storage contact hole 54 
and the etch stopper 63. 

Figure 1 1 D is a sectional view showing a step of 
forming a platinum layer pattern 75. Here, a planariza- 
tion process, for example, a CMP, is performed until the 
etch stopper 63 is exposed, to form the platinum layer 
pattern 75. 

Figure 1 1 E is a sectional view showing a step of 
forming a storage electrode 82. Here, the etch stopper 
63 of Figure 1 1 D is removed, and then the barrier layer 
60 of Figure 1 1D is etched using the platinum layer pat- 
tern 75 as an etching mask to form a barrier layer pat- 
tern 80. Therefore, the storage electrode 82 including 
the platinum layer pattern 75 and the barrier layer pat- 
tern 80 is formed. 

Then, a dielectric layer and a plate electrode are 
formed in the same manner as that of the first embodi- 
ment. 

The storage electrode in the seventh embodiment 
has the same structure as that of the first embodiment 
(see Figure 4E). Accordingly, like in the first embodi- 
ment, during forming the dielectric layer, a distance of 
oxygen diffused from the surface of the platinum layer 



pattern 75 and from the side of the barrier layer pattern 
80 becomes long, and thus contact failure of the storage 
electrode does not occur. Also, like in the fifth embodi- 
ment, the platinum layer pattern 75 can be formed with- 

5 out an etching mask. 

Figures 12A through 12C are sectional views for 
illustrating an eighth embodiment of a method for man- 
ufacturing a capacitor. The eighth embodiment, which is 
obtained by combining the second embodiment (see 

10 Figures 5A and 5B) with the fifth embodiment (see Fig- 
ures 8A through 8F), is performed in the same manner 
as that of the seventh embodiment, except a process of 
forming a conductive plug 57 for filling a portion of the 
storage contact hole 54. 

15 That is, according to the eighth embodiment, as 
shown in Figure 12A, the conductive plug 57 for filling a 
portion of the storage contact hole 54 and the barrier 
layer 60 are formed in the same manner as that of the 
second embodiment, and then an etch stopper 63 is 

20 formed with having an opening portion where the stor- 
age electrode is to be formed. Subsequently, as the 
same manner as that of the seventh embodiment, a 
platinum layer pattern 75 is formed as shown in Figures 
12B and 12C and the etch stopper 63 is removed, and 

25 then a storage electrode 82 including the platinum layer 
pattern 75 and the barrier layer pattern 80 is formed. 

The storage electrode 82 of the eighth embodiment 
has the same structure of the storage electrode (see 
Figure 5B) of the second embodiment. Therefore, it is 

30 advantageous that the aspect ratioof the storage con- 
tact hole is high, like the second embodiment, and the 
platinum layer pattern can be formed without an etching 
mask to simplify a manufacturing process, compared 
with the second embodiment. 

35 Figures 13A through 13C are sectional views for 
illustrating a ninth embodiment of a method for manu- 
facturing a capacitor. The ninth embodiment, which is 
obtained by combining the first embodiment (see Fig- 
ures 4A through 4F) with the sixth embodiment (see 

40 Figures 10A through 10C). is performed in the same 
manner as that of the seventh embodiment except for 
blanket-etching back the planarized platinum layer (70 
of Figures 1 1 C and 13 A) during forming a platinum layer 
pattern. 

45 As shown in Figure 13 A. the steps for forming the 
planarized platinum layer 70 are performed in the same 
manner as shown in the seventh embodiment, and then 
the planarized platinum layer 70 and the etch stopper 63 
are blanket-etched back as in the sixth embodiment 

so (see Figure 10B), to form a platinum -layer pattern 76 
having cut upper edges (Figure 13B). Subsequently, as 
shown in Figure 13C, the barrier layer 60 (see Figure 
13B) is etched using the platinum layer pattern 76 as a 
mask, to form a storage electrode 82 including the plat- 

55 inum layer pattern 76 and the barrier layer pattern 80. 

Figure 14 is a sectional view for illustrating a tenth 
embodiment of the method for manufacturing a capaci- 
tor, which is obtained by combining the second embod- 
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imerrt (see Figures 5A and 5B) with the sixth 
embodiment (see Figures 1 0A through 10C), and is the 
same as the ninth embodiment except for forming a 
conductive plug 57 filling a portion of the storage con- 
tact hole 54. 

Figure 15 is a sectional view for illustrating an elev- 
enth embodiment of the method for manufacturing a 
capacitor which is obtained by combining the third 
embodiment (see Figures 6A and 6B) and the fifth 
embodiment (see Figures 8A through 8F), and is the 
same as the seventh embodiment except for forming the 
barrier layer pattern 58 only in the storage contact hole 
54. 

Referring to Figure 15, the barrier layer pattern 58 
in the storage contact hole is formed, and an etch stop- 
per 63 of Figure 1 1 D and a platinum layer pattern 75 are 
formed on the resultant structure where the barrier layer 
pattern 58 is formed and the etch stopper is removed in 
the same manner as that of the seventh embodiment 
(see Figures 1 1 A through 1 1 D). At this time, it is prefer- 
able that an etching barrier layer 56 for preventing the 
interlayer dielectric 55 from being etched is formed, 
however, it need not be formed in the case that the etch 
stopper is formed of a material having a high etching 
selectivity with respect to the interlayer dielectric 55. 

Figure 16 is a sectional view for illustrating a twelfth 
embodiment of the method for manufacturing a capaci- 
tor, which is obtained by combining the fourth embodi- 
ment (see Figures 7A and 7B) with the fifth embodiment 
(see Figures 8a through 8F), and is the same as the 
eleventh embodiment except for forming the conductive 
plug 57 filling a portion of the storage contact hole 54, 
as shown in Figure 16. 

Figure 17 is a sectional view for illustrating a thir- 
teenth embodiment of a manufacturing method, which 
is obtained by combining the third embodiment (see 
Figures 6A and 6B) with the sixth embodiment (see 
FIGS 10A. through 10C), and is the same as the elev- 
enth embodiment except for forming the platinum layer 
pattern 76 having slantingly cut edges through the etch- 
back. 

Figure 18 is a sectional view for illustrating a four- 
teenth embodiment which is obtained by combining the 
fourth embodiment (see Figures 7A and 7B) with the 
sixth embodimerrt(see Figures 10A through 10C), and is 
the same as the thirteenth embodiment except for form- 
ing a conductive plug 57 filling a portion of the storage 
contact hole 54. 

The method described herein for forming the plati- 
num group metal layer using reflow has many advan- 
tages in forming a storage electrode of a capacitor, as 
follows. 

First, deterioration can be inhibited of the electrical 
characteristics of a semiconductor device due to oxygen 
diffusion through the upper surface of the platinum layer 
pattern and the side of the exposed barrier layer during 
formation of a dielectric layer. 

The platinum layer pattern and the barrier layer pat- 



tern contact with a substrate or a conductive plug in the 
storage contact hole. That is, a distance between the 
surface of the platinum layer pattern and the barrier 
layer pattern is maintained such that oxygen infiltrating 

s through the surface of the platinum layer pattern and the 
side of the barrier layer pattern cannot reach the barrier 
layer which contacts with the substrate or the conduc- 
tive plug. Accordingly, since the distance of oxygen dif- 
fusion is long, an oxide layer, for example, a titanium 

70 oxide layer is rarely formed at an interface between the 
barrier layer pattern and the platinum layer pattern. 

Second, since an etching mask is unnecessary, the 
metal pattern of the platinum group can be more easily 
formed than in the conventional art. 

75 It should be understood that the invention is not lim- 
ited to the illustrated embodiment and that many 
changes and modifications can be made within the 
scope of the invention by a person skilled in the art. 
The reader's attention is directed to alt papers and 

20 documents which are filed concurrently with or previous 
to this specification in connection with this application 
and which are open to public inspection with this speci- 
fication, and the contents of all such papers and docu- 
ments are incorporated herein by reference. 

25 All of the features disclosed in this specification 
(including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 

30 tures and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
ing any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 

35 stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 

40 novel one, or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
claims, abstract and drawings), or to any novel one, or 
any novel combination, of the steps of any method or 
process so disclosed. 

45 

Claims 

1 . A method for forming a platinum group metal layer 
comprising the steps of: 

so 

a) forming a material layer (42) on a semicon- 
ductor substrate (10); 

b) etching a predetermined portion of the mate- 
55 rial layer to form an opening (43); 

characterised by: 

c) depositing a platinum group metal (44) 
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on the entire surface of the substrate 
where the opening is formed; and 

d) reflowing the platinum group metal (44) 
to fill the opening (43). 

2. The method of claim 1, wherein the material layer 
(42) is formed of an undoped silicate glass. 

3. The method of claim 1 , wherein the platinum group 
metal (44) is one selected from the group consisting 
of Pt, Ru, Ir, Rh ( Os. Ru0 2 , and Ir0 2 . 

4. The method of claim 1 , wherein the platinum group 
metal (44) is formed having a thickness in the 
region of 1000 to 2000A. 

5. The method of claim 1, wherein said reflowing is 
performed in an N 2 atmosphere, in the region of 
650 to 900°C, and for in the region of 5 minutes to 1 
hour. 

6. A method for manufacturing a capacitor comprising 
the steps of: 

a) forming an interlayer dielectric (55) on a 
semiconductor substrate (50); 

b) patterning the interlayer dielectric to form a 
storage contact hole (54) for exposing a prede- 
termined portion of the substrate (50); 

c) depositing a barrier metal on the entire sur- 
face of the substrate where a storage contact 
hole (54) is formed to form a barrier layer (60) 
on the interlayer dielectric (55) and the storage 
contact hole surface; 

d) depositing a platinum group metal on the 
barrier layer (60) to form a metal layer (65); 

e) reflowing the metal layer to form a reflowed 
metal layer (70) having a predetermined thick- 
ness for filling the storage contact hole (54), on 
the interlayer dielectric; 

f) patterning the reflowed metal layer (70) and 
the barrier layer (60) to form a storage elec- 
trode pattern (82) including a metal layer pat- 
tern (75) and a barrier layer pattern (80); 

g) forming a dielectric layer (85) on the metal 
layer pattern; and 

h) forming a plate electrode (90) on the dielec- 
tric layer. 

7. The method of claim 6, further comprising the step 



of: 

forming a metal silicide layer for reducing con- 
tact resistance with the substrate (50) on the 
5 bottom surface of the storage contact hole (54) 

before said step c). 

8. The method of claim 6, further comprising the step 
of: 

10 

forming an oxygen diffusion barrier layer 
formed of one selected from the group consist- 
ing of Ir, Ru, Ru0 2 and Ir0 2 , between the bar- 
rier layer (60) and the metal layer (70), before 
is said step d). 

9. The method of claim 6, further comprising the step 
of: 

20 forming a conductive plug (57) for filling a por- 

tion of the storage contact hole (54), before 
said step c) of forming the barrier layer (60). 

1 0. The method of claim 9, wherein said step of forming 
25 the conductive plug (57) comprises the sub-steps 

of: 

forming a conductive layer having a predeter- 
mined thickness for filling the storage contact 
30 hole (54), on the interlayer dielectric (55); 

removing the conductive layer on the interlayer 
dielectric by etching back; and 

35 removing a portion of the conductive layer fill- 

ing the storage contact hole by overetching. 

1 1 . The method of claim 9, wherein said step of forming 
the conductive plug (57) comprises the sub-steps 

40 of: 

forming a conductive layer having a predeter- 
mined thickness on the interlayer dielectric 
(55), to fill the storage contact hole (54); 

45 

removing the conductive layer on the interlayer 
dielectric using chemical-mechanical polishing; 
and 

so removing a portion of the conductive layer in 

the storage contact hole (54) using the chemi- 
cal-mechanical polishing in which an etching 
selectivity between the conductive layer and 
the interlayer dielectric is controlled. 

55 

12. The method of any of claims 6 to 11, wherein the 
barrier layer (60) formed on the interlayer dielectric 
is removed to form the barrier layer (58) only in the 
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storage contact hole (54), and wherein only the 
metal layer (70) is patterned during the step of 
forming the storage electrode pattern (82). 

13. The method of any of claims 6 to 12, wherein the 5 
barrier layer (60) is formed of one selected from the 
group consisting of UN, CoSi. TaSiN, TiSiN, TaSi, 
TiSi, Ta and TaN. 

14. A method for manufacturing a capacitor comprising 
the steps of: 

a) forming an interlayer dielectric (55) on a 
semiconductor substrate (50); 

b) patterning the interlayer dielectric (55) to 
form a storage contact hole (54) for exposing a 
predetermined portion of the substrate (50); 

c) forming a conductive plug (57) for filling the 
storage contact hole (54) and overetching the 
conductive plug to form an opening at the 
upper end of the storage contact hole (54) in a 
predetermined thickness; 

d) filling the opening at the upper end of the 
etched storage contact hole to form a barrier 
layer pattern (59) having unexposable sides; 

e) forming an etch stopper (63) having an 
opening portion where the storage electrode is 
to be formed, on the interlayer dielectric (55); 

f) depositing a platinum group metal to form a 
metal layer (65) on the entire surface of the 
substrate where the etch stopper is formed; 

g) ref lowing the metal layer to form a reflowed 
metal layer (70) having a predetermined thick- 
ness for filling the opening portion opened by 
the etch stopper (63), on the etch stopper; 

h) removing the reflowed metal layer (70) until 
the etch stopper (63) is exposed, to form a 
metal layer pattern (75); 

i) forming a dielectric layer (85) on the metal 
layer pattern; and 

j) forming a plate electrode (90) on the dielec- 
tric layer 

15. The method of claim 14, wherein the metal layer 
pattern (75) is formed by chemical-mechanical pol- 
ishing the reflowed metal layer (70) until the etch 
stopper (63) is exposed. 

16. The method of claim 14 or 15, further comprising 



the step of removing the etch stopper (63), to 
thereby form the dielectric layer (85) on the upper 
and the side surfaces of the metal layer pattern 
(75), after said step i). 

1 7. The method of claim 1 4, further comprising the step 
of: 

forming an etching barrier layer (56) on the 
interlayer dielectric after said step a), and 
wherein the storage contact hole (54) is formed 
by sequentially etching the etching barrier layer 
(56) and the interlayer dielectric. 

18. The method of claim 17, wherein the metal layer is 
formed by blanket etching back the reflowed metal 
layer (70) and the etch stopper (63) until the etching 
barrier layer (56) is exposed. 

19. The method of claim 17 or 18, wherein the etch 
stopper (63) is formed of an oxide and the etching 
barrier layer (56) is formed of a nitride. 

20. A method for manufacturing a capacitor comprising 
the steps of: 

a) forming an interlayer dielectric (55) on a 
semiconductor substrate (50); 

b) patterning the interlayer dielectric (55) to 
form a storage contact hole (54) for exposing a 
predetermined portion of the substrate (50); 

c) depositing a barrier metal on the entire sur- 
face of the substrate where the storage contact 
hole is formed to form a barrier layer (60) on the 
interlayer dielectric and on the surface of the 
storage contact hole; 

d) forming an etch stopper (63) having an 
opening portion where a storage electrode is to 
be formed, on the barrier layer; 

e) depositing a platinum group metal on the 
entire surface of the substrate where the etch 
stopper is formed, to form a metal layer (65); 

f) ref lowing the metal layer to form a reflowed 
metal layer (70) having a predetermined thick- 
ness for filling the opening portion opened by 
the etch stopper and the storage contact hole, 
on the etch stopper; 

g) removing the reflowed metal layer (70) until 
the etch stopper (63) is exposed, to form a 
metal layer pattern (75); 

h) removing the etch stopper (63); 
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i) patterning the barrier layer (60)using the 
metal layer pattern as an etching mask, to form 
a barrier layer pattern (80) only under the metal 
layer pattern (75); 

5 

j) forming a dielectric layer on the metal layer 
pattern; and 

k) forming a plate electrode on the dielectric 
layer. 10 

21. The method of claim 20, wherein the metal layer 
pattern (75) is formed by chemical mechanical pol- 
ishing the reflowed metal layer (70) until the etch 
stopper is exposed. *s 

22. The method of claim 20, wherein the metal layer 
pattern (75) is formed by etching back the reflowed 
metal layer (70) and the etch stopper until the bar- 
rier layer is exposed. 20 

23. The method of claim 20, 21 or 22, further compris- 
ing the step of: 

forming a conductive plug (57) for filling a por- 25 
tion of the storage contact hole, before the bar- 
rier layer is formed. 

24. A method for manufacturing a capacitor comprising 
the steps of: 

a) forming an irrterlayer dielectric (55) on a 
semiconductor substrate (50); 



metal layer having a predetermined thickness 
for filling an opening portion opened by the etch 
stopper and filling the storage contact hole, on 
the etch stopper; 

h) removing the reflowed metal layer until the 
etch stopper is exposed to form a metal layer 
pattern (75); 

i) forming a dielectric layer on the metal layer 
pattern; and 

j) forming a plate electrode on the dielectric 
layer. 

25. The method of claim 24, further comprising the step 
of: 

forming an etching barrier layer (56) on the 
interlayer dielectric after said step a), and 
wherein the storage contact hole is formed by 
sequentially etching the etching barrier layer 
and the interlayer dielectric. 

26. The method of claim 24 or 25, further comprising 
the step of: 

removing the etch stopper (63) after said step 
h), to form the dielectric layer on the upper and 
the side surfaces of the metal layer pattern. 

27. The method of claims 24, 25 or 26, wherein the 
metal layer pattern is formed by chemical-mechani- 
cal polishing the reflowed metal layer until the etch 
stopper is exposed. 

28. The method of claims 24, 25 or 26, wherein the 
metal layer pattern is formed by blanket etching 
back the reflowed metal layer and the etch stopper 
until the etching barrier layer is exposed. 

29. The method of claim 27 or 28, further comprising 
the step of: 

forming a conductive plug (57) for filling a por- 
tion of the storage contact hole before said step 
c). 

30. The method of any of claims 6 to 29, wherein the 
interlayer dielectric is formed of an oxide undoped 
with impurities. 

31 . The method of any of claims 6 to 30, wherein the 
metal layer is formed of one selected from the 
group consisting of Pt, Ru, Ir, Rh, Os. Ru0 2 and 
Ir0 2 . 

32. The method of claim 31 , wherein the metal layer is 



b) patterning the interlayer dielectric (55) to 35 
form a storage contact hole (54) for exposing a 
predetermined portion of the substrate; 

c) depositing a barrier layer on the entire sur- 
face of a substrate where the storage contact 40 
hole is formed, to form a barrier layer on the 
interlayer dielectric and the surface of the stor- 
age contact hole; 

d) removing the barrier layer formed on the 45 
interlayer dielectric, to form a barrier layer pat- 
tern (58) only on the surface of the storage con- 
tact hole; 

e) forming an etch stopper having an opening so 
portion where a storage electrode is to be 
formed, on the interlayer dielectric; 

f) depositing a platinum group metal to form a 
metal layer on the entire surface of the sub- 55 
strate where the etch stopper is formed; 

g) reflowing the metal layer to form a reflowed 



15 

3NSDOCID: <EP__0872880A2„I > 



29 



EP 0 872 880 A2 



formed of platinum Pt. 

33. The method of any of claims 6 to 32, wherein the 
dielectric layer is formed of one selected from the 
group consisting of Ba(Sr,Ti)0 3l Pb(Zr,Ti)0 3 , s 
Ta 2 O s , Si0 2 , SiN 3 , Sr710 3 , PZT t SrBi 2 Ta 2 O g , (Pb, 
La)(Zr, Ti)0 3f and Bi 4 Ti 3 0 12 . 

34. The method of any of claims 6 to 33, wherein the 
metal layer is formed having a thickness in the io 
region of 1000 to 2000A. 

35. The method of any of claims 6 to 34, wherein said 
relowing is performed by heating at more than 
650°C. is 

36. The method of any of claims 6 to 34, wherein said 
reflowing is performed in an N 2 atmosphere, in the 
region of 650 to 900°C, and for in the region of 5 
minutes to 1 hour. 20 
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